Introduction
============

Colon cancer is a common malignancy ([@b1-ol-0-0-9864],[@b2-ol-0-0-9864]). In the United States, morbidity and mortality of colon cancer ranks third among all malignancies ([@b3-ol-0-0-9864],[@b4-ol-0-0-9864]). Colon cancer is also the third most common malignancy in developing countries. It has been reported that \>600,000 patients die of this cancer every year. Incidence of colon cancer is higher in females than in males ([@b5-ol-0-0-9864]). Colon cancer affects \>1,2 million new cases ([@b6-ol-0-0-9864]). The average age of onset of colon cancer is \~40 years, and the highest incidence is observed in the population age group of 50--60 years. The onset age in developing countries is 10 years earlier than that in developed countries ([@b7-ol-0-0-9864]). Studies have confirmed that the pathological process of tumors is related to the expression of serum miRNAs. The expression of miRNAs plays an important role in the development and progression of colon cancer, as well as in the diagnosis and prognosis ([@b8-ol-0-0-9864]). miRNAs are a group of non-coding RNAs of \~19--25 nucleotides in length that regulate the expression of multiple genes at the post-transcriptional level, thereby playing an important role in cell proliferation, differentiation, apoptosis and tumor development ([@b9-ol-0-0-9864]).

It has been reported that the increased expression of miR-21 is closely related to various malignant tumors such as breast, lung and prostate cancer, and it has been shown to promote cell proliferation and inhibit cell apoptosis of various tumor cell lines ([@b10-ol-0-0-9864]--[@b13-ol-0-0-9864]). miR-138 is \~23--24 nt in size, and its gene is located on human chromosomes 3p21 and 16q13. miR-138 plays a role as tumor suppressor gene in tumor regulation ([@b14-ol-0-0-9864]--[@b16-ol-0-0-9864]). miR-138 is lowly expressed in various types of tumors and negatively regulates the proliferation and metastasis of gastric cancer cells and other tumor cells ([@b17-ol-0-0-9864]). Therefore, miR-21 and miR-138 are closely associated with tumor development. Our study aimed to analyze the expression of miR-21 and miR-138 in patients with colon cancer and its effect on proliferation of SW480 cells and the prognosis of patients, so as to investigate the role of miR-21 and miR-138 in the development of colon cancer and provide references for the diagnosis and prognosis of this disease.

Materials and methods
=====================

### Specimen collection

Tumor tissues and adjacent healthy tissues within 50 mm around the tumors were collected from 128 patients who underwent surgical resection from January 2010 to January 2013 in Nanfang Hospital (Guangzhou, China). The patients included 68 males and 60 females, and their age ranged from 30--78 years. Tissues were stored at −80°C before using. All cancer specimens were confirmed by pathological examination, and no cancer cells and obvious inflammatory cells were observed in cancer tissues. Colon cancer tissues were diagnosed and staged according to the TNM staging criteria of the American Joint Committee on Cancer (7th edition). No history of a tumor, major organ dysfunction, such as liver or kidney, and abnormal hemorrhage or abnormal coagulation function were observed. All patients had complete medical record and follow-up data. No preoperative radiotherapy, chemotherapy or other anticancer treatments were performed. All patients and their families were informed and signed a consent. The study was approved by the Ethics Committee of Nanfang Hospital.

### Reagents and instruments

Human colon cancer cell line SW480 was purchased from Shanghai Cell Bank of the Chinese Academy of Sciences (cat. no. TCHu172; Shanghai, China). Leibovitz\'s L-15 medium was purchased from Changzhou Beiyuanxin Biotechnology Co., Ltd. (Changzhou, China), and RNA extraction kit (TRIzol) was purchased from Shanghai Pufei Biotechnology Co., Ltd. (Shanghai, China). TaqMan microRNA assay kit was purchased from (ABI; Thermo Fisher Scientific, Inc., Waltham, MA, USA). NanoDrop 2000 UV spectrophotometer was purchased from Thermo Fisher Scientific, Inc. Countess II FL Automated Cell Counter was purchased from ABI (Thermo Fisher Scientific, Inc.). MTT test kit was purchased from Shanghai Lianmai Biological Engineering Co., Ltd. (Shanghai, China).

Methods
-------

### Total RNA extraction

TRIzol reagent was used to extract total RNA from colon cancer and adjacent tissues in accordance with the manufacturer\'s instructions. Concentration and purity of extracted RNA were measured using NanoDrop 2000 UV spectrophotometer, and RNA integrity was detected by agarose gel electrophoresis.

### Reverse transcription

Reverse transcription was performed on the extracted RNA. The primer sequences were designed and synthesized by Takara Biotechnology Co., Ltd. (Beijing, China). U6 was used as an endogenous control. Reverse transcription system (15 µl): 0.5 µl of reverse transcript primer, 0.5 µl of reverse transcriptase, 2.0 µl of buffer, 2 µl of RNA, and RNase Free dH~2~O was added to make a final volume of 15 µl. Reaction conditions: 37°C for 10 min and 95°C for 5 min. Synthesized cDNA was stored at 4°C.

### RT-qPCR

Quantitative PCR reaction system: 1 µl of TaqMan microRNA assay (20X), 1 µl of cDNA (1:15 dilution), 1.33 µl of TaqMan 2X Universal PCR Master Mix II, and 10 µl of TaqMan 2X Universal PCR Master Mix II, RNase Free dH~2~O were added to make a final volume of 20 µl. Countess II FL Automated Cell Counter quantitative PCR instrument was used for PCR amplification. Reaction conditions were: 95°C for 5 min, followed by 45 cycles of 95°C for 20 sec and 60°C for 45 sec. U6 was used as the endogenous control. Each reaction was repeated 3 times. Expression level of miR-21 and miR-138 was analyzed by 2^−ΔΔCq^ method. Primer sequences are listed in [Table I](#tI-ol-0-0-9864){ref-type="table"} ([@b18-ol-0-0-9864]).

### Detection of human colon cancer cell proliferation by MTT assay

Construction of miR-21 and miR-138 expression vectors was performed by GenePharma Co., Ltd. (Shanghai, China). miR-21 expression vector (positive group A) and blank vector (negative group A), miR-138 expression vector (positive group B) and blank vector (negative group B) and trypsin-digested SW480 cells were cultured in Leibovitz\'s L-15 medium at 37°C with pH 6.8--7.4 and 5% CO~2~, according to the instructions of Lipofectamine 2000.

After transfection, the cells of human colon cancer cell line SW480 were used to prepare single cell suspension and were cultured in 96-well plates. Some cells were collected 6 h later and 20 µl MTT (5 mg/ml) was added, followed by cell culture for another 4 h at 37°C. Supernatant was removed and DMSO was added. After shaking on a shaker for 15 min, OD values at a wavelength of 570 nm were measured at 6, 24, 48, and 72 h using an enzyme-linked immunosorbent assay detector and a growth curve was generated. MTT test kit was purchased from Shanghai Lianmai Biological Engineering Co., Ltd.

### Follow-up

Patients were followed up by telephone and outpatient visit. The relationship between the expression levels of miR-21 and miR-138 and clinicopathological features of colon cancer was observed. The endpoint of follow-up was the patient\'s death or until April 2017, and associations between miR-21 and miR-138 expression and survival of patients were analyzed.

### Statistical analysis

SPSS 21.0 statistical software package (Shanghai Kabei Information Technology Co., Ltd., Shanghai, China) was used for statistical analysis. Measurement data are expressed as mean ± standard deviation. Measurement data with normal distribution were analyzed by t-test. Kaplan-Meier was used for survival analysis. Log-rank test was used to compare survival rates. Cox proportional hazards model was used to analyze factors related to prognosis of colon cancer patients. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of miR-21 and miR-138 in colon cancer and adjacent tissues

The expression levels of miR-21 and miR-138 were detected by RT-qPCR. Results showed that the expression level of miR-21 in colon cancer tissues was significantly higher than that in adjacent healthy tissues, while the expression level of miR-138 was lower in colon cancer tissues than in adjacent healthy tissues (P\<0.001) ([Table II](#tII-ol-0-0-9864){ref-type="table"}; [Figs. 1](#f1-ol-0-0-9864){ref-type="fig"} and [2](#f2-ol-0-0-9864){ref-type="fig"}).

### Association between the expression of miR-21 and miR-138 and clinicopathological features

There was no association between the expression levels of miR-21 and miR-138 and age and sex (P\>0.05). The expression levels of miR-21 and miR-138 were associated with differentiation, lymph node metastasis, distant metastasis, and TNM staging (P\<0.05) ([Table III](#tIII-ol-0-0-9864){ref-type="table"}).

### Effects of miR-21 and miR-138 on proliferation of colon cancer cells

Effects of miR-21 and miR-138 on proliferation of colon cancer SW480 cells were detected by MTT assay. Results showed that miR-21 could promote cell proliferation. OD values at 6, 24, 48, and 72 h after miR-21 expression vector transfection (positive group A) were higher than those of cells with blank vector transfection (negative group B). miR-138 inhibited cell proliferation, and OD values at 6, 24, 48, and 72 h after miR-1338 expression vector transfection (positive group A) were lower than those of cells with blank vector transfection (negative group B) (P\<0.05) ([Figs. 3](#f3-ol-0-0-9864){ref-type="fig"} and [4](#f4-ol-0-0-9864){ref-type="fig"}).

### Survival analysis

The median expression level of miR-21 in colon cancer tissues was 5.595. According to the median expression level of miR-21, patients were divided into high expression group (n=64) and low expression group (n=64). The median expression level of miR-138 in colon cancer tissues was 0.483. According to the median expression level of miR-138, patients were divided into high expression group (n=64) and low expression group (n=64). Mean survival time of the miR-21 low expression group was 35.46±1.08 months, and the mean survival time of the miR-21 high expression group was 30.82±2.84 months. Mean survival time of the miR-138 low expression group was 34.16±1.88 months, and the mean survival time of the miR-138 high expression group was 36.86±2.02 months. Survival analysis showed that the survival time of patients with high expression of miR-21 was significantly shorter than that of patients with low expression of miR-21. The survival time of miR-138 high expression group was longer than that of miR-138 low expression group (log-rank, P\<0.05). Patient\'s survival was negatively associated with the level of miR-21 expression. Univariate prognostic analysis showed that the factors affecting the prognosis of patients with colon cancer include miR-21 and miR-138 expression, tissue differentiation, TNM staging, and lymph node metastasis. Cox multivariate regression analysis showed that miR-21, miR-138 expression, and TNM staging were independent risk factors for poor prognosis of colon cancer ([Figs. 5](#f5-ol-0-0-9864){ref-type="fig"} and [6](#f6-ol-0-0-9864){ref-type="fig"}; [Tables IV](#tIV-ol-0-0-9864){ref-type="table"} and [V](#tV-ol-0-0-9864){ref-type="table"}).

Discussion
==========

With the improvement of people\'s living standards and changes in eating habits, the incidence of colon cancer has shown an increasing trend ([@b19-ol-0-0-9864]). Multiple factors, multiple stages, and multiple genetic mutations lead to the development and progression of colon cancer, and multiple oncogenes and tumor suppressor genes are involved. Treatment of colon cancer is currently dominated by comprehensive treatment, and the most effective one is surgical treatment combined with targeted chemotherapy before and after surgery. With the development of molecular biology and cell biology, it has been found that the expression of oncogenes and tumor suppressor genes can affect the proliferation and differentiation of tumor cells, and has a correlation with the occurrence and development of tumors and prognosis ([@b20-ol-0-0-9864]--[@b22-ol-0-0-9864]). At present, it has been confirmed that at least 400 miRNAs in the human genome are closely related to tumors ([@b23-ol-0-0-9864]).

The results of this study showed that the expression level of miR-21 in colon cancer tissues was significantly higher than that in adjacent healthy tissues, and the expression level of miR-138 was lower in colon cancer tissues than in adjacent tissues (P\<0.001). The expression levels of miR-21 and miR-138 were associated with the degree of differentiation, lymph node metastasis, distant metastasis, and TNM stage (P\<0.05). MTT results showed that miR-21 could promote cell proliferation. OD values at 6, 24, 48, and 72 h after miR-21 expression vector transfection (positive group A) were higher than those of cells with blank vector transfection (negative group B). miR-138 inhibited cell proliferation, and OD values at 6, 24, 48, and 72 h after miR-1338 expression vector transfection (positive group A) were lower than those of cells with blank vector transfection (negative group B) (P\<0.05). Studies on different tumor tissues and cell lines have shown that miR-21 can promote cell proliferation ([@b24-ol-0-0-9864],[@b25-ol-0-0-9864]). Capraro *et al* ([@b26-ol-0-0-9864]) have shown that miR-138 expression is low in glioma cells and can significantly inhibit the proliferation and migration of glioma cells, and thus functions as a tumor suppressor gene, which is consistent with the findings of the present study. Therefore, miR-21 may be a potential marker for the diagnosis and prognosis of colon cancer. miR-138 can inhibit the proliferation of cancer cells. Survival analysis showed that survival time of patients with high expression of miR-21 was significantly shorter than that of patients with low expression of miR-21. Survival time of miR-138 high expression group was longer than that of miR-138 low expression group (log-rank, P\<0.05). Cox multivariate regression analysis showed that miR-21 and miR-138 expression, and TNM staging were independent risk factors for poor prognosis of colon cancer ([Table V](#tV-ol-0-0-9864){ref-type="table"}). Thus, miR-21 can predict the recurrence of colon cancer, and it is also one of the risk factors for the progression of colon cancer. Expression of miR-21 was positively associated with the degree of malignancy and the risk of disease progression, and was negatively associated with the survival of patients, while miR-138 is the opposite. Expression of miR-21 and miR-138 in the pathological specimens of patients with colon cancer is an index that can determine the prognosis of colon cancer. Combination of routine postoperative immunohistochemical pathological examination and detection of miR-21 and miR-138 expression may improve the diagnosis of colon cancer and is worthy of clinical application.

Our study has also some limitations. The sample size was small, and the patients were from a single hospital, which may affect our conclusions. Our study only investigated the effects of the two miRNAs on colon cancer cell proliferation, while the involvement of other genes and interactions with other factors were not studied. Further studies are needed to explore the mechanism and the roles of those two miRNAs.

In conclusion, miR-21 is highly expressed in colon cancer tissues, and is positively associated with the degree of malignancy of patients and negatively associated with survival. miR-138 expression is low in colon cancer tissues, and negatively associates with the degree of malignancy of patients and positively associated with survival. miR-21 and miR-138 may be involved in the regulation of colon cancer cell proliferation. Our study provides references for clinical diagnosis, treatment and prognosis of colon cancer.
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![Effect of miR-21 on colon cancer SW480 cell proliferation. Proliferation of SW480 cells was determined by MTT assay. The OD values of the two groups of cells increased with time, and the OD values at 6, 24, 48, and 72 h after the miR-21 expression vector transfection (positive group A) were higher than those of cells with blank vector transfection (negative group B) (P\<0.05). MTT, methyl thiazolyl tetrazolium.](ol-17-02-2271-g02){#f3-ol-0-0-9864}

![Effect of miR-138 on colon cancer SW480 cell proliferation. Proliferation of SW480 cells was determined by MTT assay. The OD values of the two groups of cells decreased with time, and the OD values at 6, 24, 48, and 72 h after miR-138 expression vector transfection (positive group A) were lower than those of cells with blank vector transfection (negative group B) (P\<0.05). MTT, methyl thiazolyl tetrazolium.](ol-17-02-2271-g03){#f4-ol-0-0-9864}

![Relationship between miR-21 and prognosis of colon cancer patients. The survival curves showed that the survival time of patients with high expression of miR-21 was significantly shorter than that of patients with low expression of miR-21. The survival time of patients with miR-21 was negatively associated with the expression of miR-21 (P\<0.044).](ol-17-02-2271-g04){#f5-ol-0-0-9864}

![Relationship between miR-138 and prognosis of colon cancer patients. The survival curves showed that the survival time of patients with high expression of miR-138 was significantly longer than that of patients with low expression of miR-138 (P\<0.022).](ol-17-02-2271-g05){#f6-ol-0-0-9864}

###### 

Primer sequences of of miR-21, miR-138 and U6.

  Items     Forward                      Reverse
  --------- ---------------------------- ----------------------------
  miR-21    5′-GCGGTAGCTTATCAGACTGA-3′   5′-TGCGTGTCGTGGAGTC-3′
  miR-138   5′-GGTGTCGTGGAGTCGGCAA-3′    5′-AACTTCACAACACCAGCTTA-3′
  U6        5′-CTCGCTTCGGCAGCACA-3′      5′-AACGCTTCACGAATTTGCGT-3′

###### 

Expression of miR-21 and miR-138 in colon cancer and adjacent tissues.

  Groups                     n     miR-21      t value   P-value   miR-138     t value   P-value
  -------------------------- ----- ----------- --------- --------- ----------- --------- ---------
  Colon cancer tissues       128   5.86±0.34   49.120    \<0.001   0.46±0.24   4.707     \<0.001
  Adjacent healthy tissues   128   3.48±0.43                       0.58±0.16             

###### 

Association between the expressions of miR-21 and miR-138 and clinicopathological features.

  Variables               n (%)       miR-21      t value   P-value   miR-138     t value   P-value
  ----------------------- ----------- ----------- --------- --------- ----------- --------- ---------
  Age (years)                                     0.438     0.662                 0.622     0.535
    ≥45                   76 (59.4)   5.47±2.06                       0.48±0.12             
    \<45                  52 (40.6)   5.31±1.98                       0.46±0.24             
  Sex                                             0.408     0.684                 1.220     0.225
    Male                  68 (53.1)   5.78±2.47                       0.43±0.16             
    Female                60 (46.9)   5.64±1.05                       0.47±0.21             
  Differentiation                                 2.000     0.048                 3.541     0.001
    Low-moderate          89 (69.5)   5.08±2.13                       0.48±0.15             
    High                  39 (30.5)   5.89±2.06                       0.38±0.14             
  Lymph node metastasis                           3.237     0.002                 2.094     0.038
    Yes                   62 (48.4)   5.86±1.64                       0.42±0.23             
    No                    66 (51.6)   5.07±1.08                       0.49±0.14             
  Distant metastasis                              3.786     \<0.001               4.051     \<0.001
    Yes                   48 (37.5)   6.18±2.13                       0.42±0.17             
    No                    80 (62.5)   5.04±1.28                       0.57±0.22             
  TNM stage                                       3.681     \<0.001               3.818     \<0.001
    I+II                  84 (65.6)   5.01±1.47                       0.52±0.14             
    III+IV                44 (34.4)   6.14±1.95                       0.41±0.18             

###### 

Univariate analysis of factors affecting colon cancer.

                                        miR-21    miR-138                             
  ------------------------------------- --------- ------------------------- --------- -------------------------
  Expression level (low vs. high)       \<0.001   38.842 (15.203--96.215)   \<0.001   32.562 (13.524--87.347)
  Sex (male vs. female)                 0.559     1.012 (0.797--1.620)      0.845     1.062 (0.523--1.946)
  Age (\<45 years vs. ≥45 years)        0.114     1.132 (1.028--1.715)      0.173     0.986 (0.946--1.042)
  TNM stage (I and II vs. III and IV)   0.013     2.821 (1.346--2.857)      0.013     4.182 (2.152--7.864)
  Lymph node metastasis (yes vs. no)    0.011     3.053 (1.282--7.323)      0.004     2.452 (1.265--4.124)
  Differentiation (low vs. high)        0.025     0.921 (0.831--1.525)      0.032     0.042 (0.152--0.945)

###### 

Multivariate analysis of association between miR-21 and miR-138 and colon cancer.

                                        miR-21   miR-138                           
  ------------------------------------- -------- ------------------------- ------- -------------------------
  Expression level (low vs. high)       0.034    36.842 (15.203--96.215)   0.016   33.542 (13.524--87.347)
  TNM stage (I and II vs. III and IV)   0.028    2.867 (1.348--2.857)      0.021   4.325 (2.248--7.856)
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